Tumor ablation is a minimal invasive heat-based therapy to treat tumors in liver, lung, kidney and bone. Typically, tumor and surrounding tissue is heated by applicators placed in the tumor under imaging guidance. However, when heat is applied to tissues, shrinkage occurs due to protein denaturation, dehydration, and contraction of collagen at temperatures greater 50 ⁰C. Tissue contraction is particularly important when pre-and post-operative images are used to assess the treatment since otherwise these shrinkage effects may lead to underestimation of the ablation zone and misinterpretation of the treatment outcome. While heat-induced shrinkage dynamics have been studied in collagenous tissues such as tendons, there have been no similar studies in organ tissues.
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We present data from ex vivo, isothermal shrinkage experiments in porcine liver tissue, where axial changes in tissue length were recorded during 15 minutes of heating to temperatures between 60 and 95⁰C. Fresh tissue samples ~20x10x5 mm were heated uniformly by radiofrequency current while a digital video camera recorded motion of fiducial markers and thermal sensors recorded temperature. An automatic video tracking algorithm was used to analyze motion of the markers and to calculate relative shrinkage. Based on analyzed shrinkage data and recorded temperature, a mathematical model was fitted to describe shrinkage dynamics.
Shrinkage followed three characteristic intervals: a slow initial interval where little to no shrinkage occurred; a transition interval with rapid shrinkage; and a long-term interval with continuing slow shrinkage. Contraction was most significant in the first two minutes of heating; the relative shrinkage after 15 min heating to temperatures of 60, 65, 75, 85 and 95 ⁰C, was 10.8, 11.9, 16.2, 19.5 and 22.1 %, respectively. The mathematical model described the measured shrinkage data satisfactorily and allows shrinkage prediction for arbitrarily temperatures between 60 to 95 °C and heating times up to 15 minutes Tissue shrinkage during ablative temperature exposures was up to 22% and needs to be considered during tumor ablation procedures to minimize potential damage of healthy tissue. The presented mathematical model may allow prediction of time and temperature dependent shrinkage pre-operatively, and could be used as an aid for treatment planning. Furthermore, thermally induced contraction of ablation zones could be corrected on post-ablation images to more accurately assess actual treatment zone dimensions.
